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BACKGROUND 

1 . Field of the Invention 

[0001] The present invention relates to a method for manufacturing a shaft- 
hub connection between a brake disk having a hub and a drive shaft having a bell. 

2. Related Technology 

[0002] Shaft-hub connections are used in mechanical engineering, particulariy 
in the construction of vehicles. Apart from a large number of requirements, the 
essential task of such connections is the transmission of torque, mostly high torques. 
At the same time, it is desired that the shaft-hub connection be compact and 
lightweight and be assembled without extensive setting and adjusting work. 
[0003] On the other hand, it is essential that the connection not allow relative 
movements between the shaft and the hub, i.e. even when no torque is transmitted, 
the connection needs to be free from backlash. 

[0004] Further, the connected parts need to be connected in an ideally 
concentric and positioned manner. If they fail to meet this requirement, the resulting 
true running faults and wobble faults will cause unwanted noise and vibrations. In 
particular, when the vehicle is front-wheel driven, the wobble of a brake disk can 
cause vibrations in the steering wheel, and such inaccuracies resulting from the 
machining can be felt on the brake pedal. 

[0005] Numerous approaches and developments to overcome the problems 
mentioned above are known. DE 198 36 259 A1, for example, describes a radial 
pressing device that presses the shaft-hub connection in the direction of a rotational 
axis in such a manner that the inner contour of the hub is in non-backlash 
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engagement with the shaft. One drawback of this method is the necessity of 

additional components, requiring more space and. most of all, higher manufacturing 

cost. 

[0006] The same applies to so-called tension set connections as known, for 
example, from DE 36 36 393 A1 . 

[0007] The use of wedge-shaped elements being inserted between the shaft 
and the hub is also known. However, these elements cause an eccentricity of the 
shaft and, hence, punctual and/or relatively small contact surfaces between the shaft 
and the hub. 

[0008] A connection comprising so-called splines, being arranged in the 
region of the contact surfaces between the shaft and the hub. is widely known and 
practical as well. Such splines are protnjsions on the shaft engaging into 
corresponding cavities of the hub. The manufacturing of such a connection is 
relatively costly because the protrusions and cavities have to engage exactly to 
provide, as far as possible, a connection without backlash. In this process, the shaft 
and the hub, i.e. the brake disk and the drive shaft, are at first prepared by so-called 
green machining or rough turning. In this stage, it is not yet possible to reach the 
final size and dimensions. The brake disk or hub requires further fine turning and 
broaching in subsequent steps, followed by clearing, burring, and finally checking for 
possible faults. The splines are formed onto the shaft by rolling, followed by 
hardening the shaft. Further hard finishing of the splines is no longer possible, i.e. 
any existing deformations due to hardening cannot later be compensated. The next 
step in the process is the so-called crack detection to detect any manufacturing 
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faults. This entire manufacturing process is very difficult and hence expensive and 

requires the part to be checked and set in multiple turning machines. 

[0009] EP 0 921 018 A1 discloses a wheel construction in which the end of 

the drive shaft facing the wheel is directly coupled with the brake body by means of 

a shaft portion having a polygonal outer contour. The brake body, or the brake disk, 

has a corresponding inner contour so as to form a concentric slaving portion. 

Basically, this wheel construction has a relatively small backlash, provided it has 

been exactly manufactured. This manufacturing means, an important requirement to 

be met by the manufacturing process, is not described in detail in EP 0 921 018 A1. 

SUMMARY 

[0010] It is the object of the present invention to provide a method allowing for 
the manufacturing of a shaft-hub connection that provides high functionality and 
long life. The torque transmission of the resulting shaft-hub connection shall have no 
backlash, to the maximum extent possible. Further, this manufacturing method is 
cost-effective and simple. 

[0011] The invention is based on the understanding that vibrations can only 
be thoroughly reduced or eliminated by reducing the backlash between the shaft and 
the hub if this reduction in the backlash is accomplished when the shaft is in a 
central position relative to the hub. In this context, the wheel construction shown in 
EP 0 921 018 A1 or the shaft-hub connection described therein has proved to be 
particulariy suitable for implementation via the present method. This connection 
ensures the concentricity of the components to be manufactured, namely the shaft 
and the hub. According to the present invention, such a connection can be produced 
in a pure turning process, instead of the usual manufacturing methods. According to 

3 



Attorney Docket No. 10541-1908 
Visteon Disclosure No. V202-0115 

the present invention, the manufacturing step of clearing (forming the inner contour 

of the splines) and the step of engagement rolling (forming the outer contour of the 

splines) are completely eliminated. Eliminating these steps allows the manufacturing 

of each of the components with a single chucking action. This means that, following 

certain preparatory work, the respective components are each chucked only once 

and manufactured without interruption until the final product is completed. This 

means that, following the green machining or manufacturing and, if necessary, a 

hardening process, the final or hard final machining can be accomplished without 

further chucking or re-chucking of the part. 

[0012] Since each chucking action requires the work piece to be adjusted 
anew and referenced, manufacturing tolerances can be considerably reduced by 
reducing the need for several chucking acts. Manufactured to tighter tolerances, in 
their joined state, the components will have only an absolute minimum amount of 
backlash, especially a minimum amount of wobble. 

[0013] Shaft-hub connections still need to be provided with a certain tolerance 
(rated/actual value) allowable manufacturing tolerances of the brake disk and the 
drive shaft being currently no more than 25 micrometers (drive shaft +/- 15 
micrometers, brake disk or hub +/- 10 micrometers). These tolerances can be easily 
observed and met when the method according to the present invention is used 
(measured deviations amount to less than 10 micrometers). As mentioned above, 
the wobble on the brake disk should be as small as possible. Until now, a wobble of 
25 micrometers was regarded as good and allowable. This tolerance can also be 
considerably reduced by the process according to the present invention which 
requires only one chucking action. 
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[0014] As a whole, the method according to the present invention is 

significantly more cost-effective and results in a considerably improved shaft-hub 

connection. The high accuracy is accomplished because the reference surfaces for 

the bearing seats and bearing shoulders are manufactured during a single chucking. 

The components to be manufactured remain In permanent rotation during the entire 

hard machining process, which also contributes significantly to a reduction in time 

and cost. 

[0015] The essential advantage of this method according to the present 
invention is that the profiles of the drive shaft and the brake disk are manufactured in 
a single mechanical forming process and to tighter tolerances. 
[0016] Further advantages and features of the invention will be understood 
from the following description and the attached claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The example embodiments are shown and described, without being 
limited thereby, with reference to the attached drawings in which: 
[0018] Figure 1 shows a sectional view of a joined shaft-hub connection; 
[0019] Figure 2 shows a sectional view of a catching portion of the drive shaft; 
[0020] Figure 3 shows a sectional view of a chucked drive shaft and the 
machining tools; 

[0021] Figure 4 shows a sectional view of a chucked brake disk and the 
machining tools; and 

[0022] Figure 5 shows a flow diagram of the method according to the present 
invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0023] Referring now to the drawings, Figure 1 shows a shaft-hub connection 
10 manufactured according to the present invention. The shaft-hub connection 10 
comprises a drive shaft 12 including a bell 14 for connecting an outer joint (not 
shown). The drive shaft 12 further comprises an end portion 13, a catching portion 
16 and a bearing seat 18, which is adjacent to the bell 14. 

[0024] When assembled, the drive shaft 12 extends into a brake disk 20 or, 
more specifically, into an aperture 22 of the brake disk 20, On the side of the brake 
disk 20 facing away from the bell 14, the drive shaft 12 is secured and/or tensioned 
by means of a lock nut 24 engaging the end portion 13. The brake disk 20 further 
comprises a brake body 26 having outwardly facing brake surfaces 28. The sectional 
view of Figure 1 also illustrates that the brake body 26, which is formed as a disk or 
a ring, includes a circumferential groove 30 located between the brake surfaces 28. 
[0025] The catching portion 16 is provided with a cycloidal or polygonal outer 
contour that corresponds with a cycloidal or polygonal inner contour of the aperture 
22 of the brake disk 20, enabling the transmitting of torque therebetween. Figure 2 
illustrates one example of a possible embodiment of the catching portion 16. 
[0026] According to the present invention, it is now possible to hard-machine 
the two components of the shaft-hub connection 10, i.e. the drive shaft 12 and the 
brake disk 20, in a rotating manner in only one chucking, respectively. 
[0027] Figure 3 shows such a chucking of the drive shaft 12. The drive shaft 
12 is secured in a working piece spindle 32 in the region of the bell 14 and is rotated 
around a rotational axis X-X. A first lathe tool 34 is secured in a first tool spindle 36 
and is rotated around a rotational axis Y-Y. The two rotational axes, X-X and Y-Y, 
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are offset relative to each other by a certain amount in order to make possible the 

forming of a cycloidal or polygonal outer contour 39 onto the appropriate portion 

(resulting in the catching portion 16) of the drive shaft 12. As further seen in Figure 

3, a second lathe tool 38 is provided to turn the non-polygonal contours, the ideally 

cylindrical outer contours, of other portions of the drive shaft 12 such as the bearing 

seat 18. 

[0028] Figure 4 illustrates the manufacturing of the brake disk 20 in 
accordance with this invention. The brake disk 20 is also chucked in a working piece 
spindle 33 and is machined by several lathe tools. A first lathe tool 35 is provided to 
turn an inner contour 40 of the aperture 22 in the brake disk 20. As with the 
manufacturing of the drive shaft 12, the rotational axis Y-Y of the first lathe tool 35 is 
offset (in the same amount) relative to the rotational axis X-X of the brake disk 20 
thereby forming a cycloidal or polygonal inner contour corresponding with the 
cycloidal or polygonal outer contour 39 of the drive shaft 12. A second lathe tool 38 
is also provided and machines the brake suri^aces 28 or the brake body 26. Finally, a 
third tool 42 machines shoulders 44 in the brake disk 20. which, in the assembled 
state, abut bearing shoulders 46 of a bearing 48 (cf. also Figure 1). 
[0029] Figure 5 illustrates in a flow diagram the method for manufacturing the 
shaft-hub connection 10 according to the present invention. At first, the drive shaft 
12 as well as the brake disk 20 are chucked into the respective working piece 
spindles 32. 33 (procedural step 50) followed in both cases by rough or green 
machining 52 via turning of the brake disk 20 and drive shaft 12. Regarding the 
brake disk 20, mainly the brake body 26 and in particular the brake surfaces 28 are 
subjected to green machining. Regarding the drive shaft 12, the rough or green 
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machining 52 roughly forms the bell 14, the bearing seat 18 and the end portion 13. 

Further, the green machining 52 includes the rough forming of the cydoidal or 

polygonal catching portion 16 in the drive shaft 12. Thereafter, but in the same 

working step, a thread is turned onto the end portion 13 of the drive shaft 12. 

[0030] The next procedural step for the drive shaft 12 is the hardening 54 of 

the drive shaft 12. This can be accomplished, for example, by heat treating. 

[0031] The next procedural step for manufacturing the drive shaft 12, as well 

as manufacturing the brake disk 20, is the final hard finishing (hard machining 56). In 

this step, the final accurate dimensions are created via turning. This applies 

especially to the manufacturing of the inner contour 40 of the aperture 22, the 

shoulders 44, the bearing shoulders 46 and the catching portion 16. 

[0032] After a quality check 58, for example a crack detection check, the step 

of removing 60 of the drive shaft 12 and the brake disk 20 from the working piece 

spindles 32, 33 is performed. Finally, the components, the finished brake disk 20 

and drive shaft 12, can be assembled. 

[0033] The present invention is not limited to the example embodiments 
described and illustrated, but includes all methods having a like effect. It has been 
proved particulariy advantageous to turn the transitions between the unround or 
polygonal catching portions 16 and the ideally cylindrical portion XY, as well as other 
areas not extending parallel to the respective rotational axis, by means of a so-called 
transverse turning slide. This allows a movement in the direction of the rotational 
axis of the component to be manufactured and hence the forming of transitions 
having an extremely small notch winding, which significantly prolongs the lifetime of 
the shaft-hub connection. 
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[0034] The foregoing discussion discloses and describes a pretended 

embodiment of the invention. One skilled in the art will readily recognize from such 

discussion, and from the accompanying drawings and claims, that changes and 

modifications can be made to the invention without departing from the true spirit and 

fair scope of the invention as defined in the following claims. 
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